The first international compendium of research on demographic trends and patterns in the republics of the Soviet Union, using newly available data in detailed analyses of fertili, mamage and family, mortality,
It has become a tradition to mail out IIASA's Annual Report with the spring issue of Options. The 1993 Annual Report again provides a brief ovewiew of our accomplishments in the past year. We welcome any inquiries from readers who want more detail.
On the following pages are descriptions of three very important research projects started late in 1993. All three build on previous NASA work, and all three take us into novel territow.
The project on Regional ater rial Balance Approaches to Long-Term Environmental Policy Planning will examine material flows in selected regions of Europe. The work will stress the critical physical science aspects These projects are the first to come to IlASA in response to intemational Calls for Proposals. We issued the calls as an experiment to determine whether solid proposals for new projects would be forthcoming from intemational, ~nterdisciplinary teams. Our experience shows that the scientific corn munity is Indeed ready and able to respond, and that careful international peer review 9f submissions can lead to sound projects.
The third new project, Systems Analysis of Technological and Economic Dynamics, I S not the result of a Call for Proposals but of an unsolicited proposal by scholars familiar with IIASA's long-standing interest in technological dynamics. Technology is one of the key factors in global change, whether we speak of environmental or economic change; it is both the cause of and the cure for many of our problems. A better understanding of the evolution of technology is of critical importance to our future. I am pleased to be able to report that IlASA is supporting these new projects, and I wish every success to the scholars taktng part in them. ver the last 20 years many countries have made great efforts to improve the quality of thelr air and water; but during this time the quality of the soil in most parts of the world has become progressively worse. The Rhine River Basin is a good example: a recent NASA study of materials flows in the basin found that since 1950 levels of air and water pollution have declined dramatically while accumulations of cadmium and other pollutants in farm soils have risen steadily, in some cases to potentially toxic levels.
The goal of this three-year project is to trace the complex flows of materials through the industrial economy to the land and its soils, and to explore how policies aimed at improving the environmental qualii of the land should be integrated with management of material flows.
It is based in part on the concept of industrial metabolism and an integrated, economic-environmental perspective on materials use. Industrial metabolism entails cradle-to-grave analysis of material flows, tracing the movement of chemicals thmugh the industrial economy, identifying the points of transfer from economy to environment, and assessing their impact in the environment. Th~s sort of holistic understanding of the links between environmental pollutants and their sources is essential: only by considering all potential sources of emissions can we develop policies that will lead to a real decrease in pollution, rather than shifting the burden fmm one medium to another.
Policies affecting major economic sectors (energy, industly, trade, agriculture, and management of land and natural resources) profoundly affect the flow of materials EU study will be conducted in collaboration with four universities in the Netherlands, with Leiden University taking the lead role. The Rhine Basin component will build directly on IIASA's study from 1989 to 1993 of Sources of Chemical Pollution in the Rhine Basin, one of the most extensive industrial metabolism analyses yet completed. The study of the upper ElbeIOder basins, spanning large parts of Poland, eastern Germany, and the Czech Republic, including the notoriously polluted Black Triangle, will Include collaboration with economists, hydrologists, soil modelers, and soil chemists fmm these and other countries.
The project is particularly timely: the Council of Europe has designated 1995 as European Conservation Year. with a focus on soil protection. But it should be stressed that although the study is on a regional European scale, the problem of materials use and land degradation is of serious concern around the globe. The intention is to develop concepts that will be of general Interest and broadly applicable, particularly in areas of the world undergoing rapid industrial development, such as southeastem China.
In the first year work will focus on the development of Inventories of material flows and soil qualii analyses in the Black Triangle. An extensive soils sampling and analysis program will be conducted to supplement and validate available databases. About 150 samples will be analyzed for content and rnobiliiof heavy metals. In the second and third years the study will emphasize scientific and policy analysis of this and other information.
The project will comprise four major topics of study: through the economy and thus into the environment, yet Diffuse Sources of Cadmium Deposition in the Rhine Basin they are usually formulated without thought of their potential impact on the land and soils. A major goal of the research will be to clarify the links between current policles and their effects on soil and landscape qualii, and to propose new ideas for policies that will improve the environmental quality of the land.
Researchers will study three geographical areas: the countries of the European
Cadmium Concentrations in Agricultural Soils
Cadmium accumulating steadily in agricultural soils of the Rhine Basin could be released by acidification. The solid line assumes cadmium is eliminated from phosphate feflilizer by the year 2000, the dashed line assumes no change in cadmium content. Data are from IIASA's Rhine Basin study.
Integrated Waste Management
The first task in this area is a study of the sources and fates of demolition wastes on the scale of the European Union. Recommendations will be provided for the effective management of these wastes in relation to selected chemicals.
The second task is a comparison of waste management practices (with a focus on heavy metals) between the Rhine Basin and the upper ElbeIOder basins. The goal is todetermine whether lessons learned in the cleanup of the Rhine Basin could provide insights into the cleanup of the upper ElbeIOder region, or indeed of any highly degraded basin.
Integrated Land Management
Four tasks are envisioned in this topic. One is the management of agricultural lands in the EU. Emphasis will be given to the potential impacts on soil and water quality of large-scale abandonment of agricultural lands, a consequence of efforts to reduce Europe's surplus agricultural production; the lands most likely to be abandoned are in general highly contaminated.
A second task is the assessment of food contamination in the basins of the Rhine and upper ElbelOder rivers. Soil and crop sampling will be conducted to ascertain the current public health rtsks associated with crop ingestion; the potential rtsk in the iuture will be estimated through scenario analysis.
The third task is an assessment of the potential for landscape restoration in degraded lands of the upper ElbelOder basins. This will include an evaluation of various strategies for integrated landscape restoration and analysis of the environmental impacts of various economic development scenarios.
The fourth task is the formulation of a white paper on integrated land management. This report is expected to be the tangible output of a workshop IlASA will cosponsor with the International Society of Soil Science in the autumn of 1994. The conference will focus on the sustainable management of abandoned lands in Western Europe and derelict, contaminated lands in Eastern Europe from the perspective of maximizing multiple uses of the soils. It is intended that the white paper will be submMed to the Ministers of the Council of ~u r o~e , who will convene a meeting on soil protection policies in Liechtenstein in early 1995.
Spatially Integrated Material Flows
This important aspect of the research is intended to account for the globalization of markets, and thus of materials flows. Evaluations will be made of possible effects of various regional policies and developments at the internationallglobal level, and conversely. how international developments influence choices and oppoftunities in regions.
The focus will be on the EU, which i s both a powerful regulating body and a region exercising considerable influence on international markets and material flows. Alternative internationallglobal background scenarios mll be developed as frameworks for the regional studies. A team of researchers will spend the summer of 1994 at IlASA designing a mass flow model linking emissions from economic actiyities to deposition and accumulations in soils. The model will be a key tool for scenario analysis and policy evaluation. A major question for analysis is, What are the implications of a more deliberate management of material flows for the development of institutions and policy tools at the international, regional, national. and local levels?
Methodological Aspects Efforts will be made to develop methodologies and models that could be used in regional studies of material flows and land degradation in other parts of the world. This might include the development of large-scale pollutant-specific environmental risk assessments and methods for economic evaluation of pollutant risks, especially in regard to long-term accumulations of pollutants; a generalized framework for land management and restoration on the regtonal scale; and a generalbed scheme to determine which data, and what quality of data, are required for studies in industrial metabolism at different scales.
Wiliam Stigliani
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lmplementation and Effectiveness of lnternational Environmental Commitments
nt~l recently env~ronmental issues were at the mar-U.' . . ' gln of ~nternat~onal affairs; today they are the focus of important treaties and agreements and a key factor in relations between states. The aim of this three-year project is to link scholars from many disciplines and countries who are studying environmental agreements, to coordinate systematic and complementary research on these topics, and ultimately to provide fresh insights that help policy makers create and implement agreements that lead to a better environment. Research will emphasize the relationship between domestic implementation and the international evolution of environmental commitments, with four concurrent lines of inquiry:
Implementation of lnternational Agreements at the Domestic Level, and Domestic-International Linkages This work entails detailed and comparative studies of the ways that countries implement international agreements. We are especially interested in two aspects of domestic implementation: the effectiveness of different styles of implementation in different countries and cultural settings, and the relationship between the process of implementation domestically and the evolution and effectiveness of the international agreement over time. We are looking not only at models of implementation where the state plays the central role, but also at nonstate influences; for example, the roles of industry and environmental nongovernmental organizations.
Researchers will study and compare implementation of international agreements in many economic settings. The initial work will involve Western Europe and the former Soviet Union, then other countries of Central and Eastern Europe. In addition to understanding which modes of implementation are most effective, one goal is to determine the part played, if any, by international agreements during rapid economic transitions. A parailel study of implementation in developing countries will be launched within a year.
The first results of the work-an extensive review of relevant literature, methods. concepts adopted, and cases selected for this study -will be available later this year. The work is led by Steinar Andresen and Elena Nikitina and conducted by Vladimir Kotov, Alexei Roginko, Jon Birger Skjaerseth, Olav Schram Stokke, and Jergen Wettestad.
Construction of a Database on Effectiveness of lnternational Environmental Agreements
Research on the effectiveness of international environmental agreements has typically been detailed studies that trace cause and effect in a small sample. This approach has produced useful case studies of many environmental regimes, but makes it difficult to draw systematic conclusions. Each case is complex and unique; each case study focuses on different variables with different concepts.
What is needed is a well-defined databank that can be used to test and develop general theories. Prior efforts to develop such a database have left crucial variables, especially those needed to explain the effectiveness of an agreement, uncontrolled and unexplored. Key variables are indeed difficult to code, requiring carefully designed and tested data protocols and assistance from field researchers in coding cases.
Building such a database is not just a matter of compiling data but a research task in itself. The threeyear duration of the IlASA project allows enough time to develop an extensive database, test it in a larger research program, and disseminate it.
This effolt is led by Marc Levy, Oran Young, and Michael Ziirn, in collaboration with a network of a dozen other scholars. A review of the literature, with special attention to the main theories of international institutions and the variables they imply for coding, will be available later this year, as well as drafi papers on the data collection protocols, including discussions of key variables and classes of information. Testing of the data protocol and database concepts begins late this summer. lmplementation at the lnternational Level This work focuses on international processes of monitoring, verification, and enforcement. The goal is to subject environmental agreements to the sort of systematic scholarly appraisal that arms control agreements have had in the past. In some respects the procedures and concepts are generic; an open question is how environmental agreements differ from others, and what that implies for effective implementation. Research is being conducted in four areas: An overview of the use and performance of mechanisms that have been (and might be) used to review international agreements. These organizations and procedures are designed to record the performance of signatories to an agreement and to help the parties work through and adjust to implementation problems. Our goal is to determine which mechanisms are most effective and why. An empirical study of all experiences under international environmental agreements with Formal Implementation and Review Mechanisms. What types of FIRMS exist? When have they been used? How do they relate to other procedures and obligations associated with the agreement? The first step will be a broad survey of existing cases; then we will select key cases and comparisons for detailed research. An empirical study of the funding of secretariats to international environmental commitments. Secretariats typically collect and disseminate reports, prepare key background papers, organize meetings, etc.; no systematic effort has been made to see if they are adequately funded to do the work. Usually they rely on self-reporting of data by the signatories; but a recent study'by the US General Accounting Office has pointed out that selfreports vary widely in quality, and that many countries have not bothered to submit them. For selected international agreements and secretariats, we will examine systematically the funding arrangements, participation and timeliness of different countries' voluntary and mandatory contributions, and funding links with international organizations.
The two overviews and initial results of the FIRMS study will be ready late this year, as will the study on secretariat financing. This work is being conducted principally by Owen Greene, John Lanchbery, Juan Carlos di Primio, and David Victor.
Game Simulation of Implementation Project members will design and run a role-playing game simulation of the negotiation and implementation of an international environmental agreement. The first game participants would be invited officials from a representative collection of states who are concerned with the negotiation of international agreements and with implementation and compliance in their own countries.
The game would simulate linked negotiations and policy-making at domestic and international levels, in several stages: early, unstructured negotiation of international institutions; subsequent negotiation of specific obligations, allocations, emission limits, contributions, etc.; and domestic implementation and compliance decisions through which national authorities try to live with the commitments and institutions they have negotiated internationally. Each step will be repeated to give a more realistic approximation of ongoing bargaining, regime management, and learning.
There is much to be learned by developing and observing the playing of a well-designed game. This exercise also reflects the policy orientation of the project: by playing the game, policy makers can learn about and experiment with implementation problems and issues. Elements of the game will be tested this summer, and the full game will be played at IlASA in the summer of 1995 in a workshop for policy makers. This effort is led by Edward Parson, who has built games to study the process of negotiating new agreements. He has written an essay on the concepts relevant to the difficult task of building a game for simulating the implementation of policies.
I n addition to this research we intend to make IlASA a base for scholars working on questions of implementation and effectiveness. Project members have already put considerable effort into organizing conferences, disseminating information, and creating new opportunities for communication. We will assemble a library of relevant literature, including documents that are difficult to locate elsewhere; we hope to put relevant references and notes into an organized (computerized) format and make this information available to scholars visiting IIASA. Eventually papers and data files will be accessible instantly via the electronic lnternet. Periodic updates to database files may be provided to those active in the area, either by diskette or via the lnternet.
Technological and Economic Dynamics
ean~ngful analysis of many long-term processes of M global change will be possible only with a better understanding of the links between technology and development. This project will be concerned with modeling technological change and the broader economic developments associated with it, as both cause and effect. The goal is to take advantage of new developments in theoretical and empirical research in order to develop stronger theory and better modeling techniques.
In the last decade considerable progress has been made on various techniques of dynamic economic modeling. Some of this work has employed ordinary differential and difference equations, and some of it stochastic equations. Several models have been developed in which an economic analogue of natural selection winnows out members of a population with different degrees of fitness. A number of efforts have taken advantage of improved simulation techniques. Others have employed more traditional mathematics. As a result of this theoretical work, the toolkit for modeling technological and economic dynamics is significantly richer than it was a decade ago.
In the same period there have been major advances in the empirical understanding of technological and economic change. There are many more detailed technological histories available. Much more is known about the similarities and differences of technical advance in different fields and industries and there is some understanding of the key variables behind those differences. A number of studies have provided rich information about how industrial structure coevolves with technology.
In addition to this work at the technology or sector level, the last decade has also seen a great deal of empirical research on productivity growth and measured technical advance at the level of whole economies. A considerable body of research now exists on the diierent rates of productivity gmwth among nations.
As a result of this wo*, the questions that theorists and modelers ought to address are now much more clearly defined. The work described above often has been undertaken in appreciation of certain obsewatiins that needed to be explained, like the apparent phenomenon of dynamic increasing returns, or the appmximately log-normal distribution of firm sizes In many industries. But the connection between theoretical and empirical research has not been close. The philosophy of this project is that the chances of developing better theory and useful analytical techniques can be greatly enhanced by allowing scholars who understand the empirical phenomena to provide questions and challenges for the theorists. This project will have strong links with theoretical scholars at the Santa Fe Institute, the Central Economic Mathematical Institute in Moscow, the Solvay Intemational Institute of Physics and Chemistry at the Free University in Bmssels, and the V.M. Glushkov Institute of Cybernetics in Kiev. It will also involve scholars active in the various Sloan Foundation projects on the comparative evolution of different industries; researchers at Statistics Canada and elsewhere who are working with new data sets that enable us to follow over time the establishments within a given industry; and scholars concerned with broad macroeconomic questions such as convergence. The following three areas of research are envisaged.
Technological and Industrial Dynamics
Over the past decade analyses of the process of innovation have s~gnif~cantly enriched the knowledge of the mechanisms, opportunities, and incentives that drive technical change in industry. These studies have shown the importance of various forms of increasing returns in the accumulation of technical knowledge and common pattems of change, includ~ng the existence of apparent trajectories. The evidence suggests that technological dynamics are specific to particular sectors, and most likely, to particular countries. How does one model and interpret these Variegated patterns of technological change?
A related question concerns the coevolution of technologies and industrial stmctures. For some sectors the innovating firms are relatively big incumbents, while in others they are mainly small new entrants; sometimes innovative activities appear to feed on themselves, giving early producers a conpetitive advantage, while at other times past successes can actually hinder efforts to explore new technologies. The research issue here concerns the links between technology development and the changes in the size distribution of firms and the changes in market shares -the "demography" of entry and exit.
Innovation, Competition, and Macrodynamics The idea that innovation and diffusion are the core of economic development is not new. But economists have never adequately modeled the processes by which technical change fuels growth, possibly because of the equilibrium framework prevailing in their discipline. Our approach will be to formalize growth as an evolutionary process, with competition among heterogeneous technologies and firms, implying various structural changes. The challenge will be to provide a consistent account of several macroeconomic phenomena, including parallel movement in aggregate time series and the persistence of wide differences in productivity, per capita incomes, and growth rates. The theory must also account for the revolutionary transitions toward market economies now underway in Eastern Europe.
Learning Processes and Organizational Competence All processes of innovation, diffusion, and imperfect adaptation have a crucial microeconomic dimension. At the most general level a better understanding is needed of how and what economic agents learn within systems that are likely to display highly nonlinear features and phase transitions, sudden discontinuities, and unexpected events. More specifically, the microeconomics of innovation often rest in organtzat~onal entities-firmswhich have a repeltoire of problem-solving procedures and decision rules that shape the avenues of change and the competitive dynamics. But why are some firms more successful than others? And how can one meaningfully formalize the knowledge which organizations embody and the evolution of that knowledge?
Methodology and Output Project members intend to pmceed with two complementary styles of modeling. The first is richer fmm the v~ewpoint of phenomenological and behavioral details and relies mainly on the development of simulation models. The task will be to show that, under economically meaningful system parameters and behavioral rules, the major regularities in macroeconomics and industrial dynamics emerge from underlying nonlinear interactions among heterogeneous microeconomic entities. The second style of modeling focuses on reduced form dynamic models in which the dynamics of endogenously changing technologies, as well as expectations. organizational forms, and behavioral traits, involve various types of feedback.
To capture the underlying competiiive processes a wide variety of mathematical approaches has been suggested within and outside economic analysis: ordinary differential and difference equations, in palticular with trajectories on the unit srmplex (so-called adaptive processes of growth), and stochastic d~fferential equations. Pmject members will develop and apply several methods, especially generalized urn schemes.
Throughout the goal will be to contnbute to the theory of evolving complex systems and to make links with parallel developments in other fields of research -the "rugged landscapes" explored in population dynamics, for example, the evolution of complex structures in biology, and theones of adaptive learning and emergent computation. The principal output of the pmject will be a series of monographs. Basic Research, to discuss science policy and basic research. Participants discussed the "brain drain" and ways of supporting basic research, including: downsizing the sector; improving its eftiiency; the merits of preserving elite scientilic centers and teams; special assistance to young scholars; and lobbying for the interests of scientific sector in representative bodies. A more extensive summary will appear in the
